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90 Freak wave ,
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. , 2000 ,
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, , $a$ , $k$ , $\omega$ .
, (Whitham, 1974).
$\frac{\partial k}{\partial t}+\frac{\partial\omega}{\partial x}=0$ (1)
$\frac{\partial a^{2}}{\partial t}+\frac{\partial}{\partial x}(a^{2}\frac{\partial\omega}{\partial k})=0$ (2)
$\omega=\sqrt{gk}(1+\frac{1}{2}k^{2}a^{2})$ (3)
, $\epsilon=ak$ 2 . Witham ,
, (Lighthill, 1965). , Benjamin and Feir (1967) ,
Euler , $a_{0}$ , $k_{0}$ , $\omega_{0}$ .
$0<K<2\sqrt{2}k_{0}^{2}a_{0}$ (4)
$(Im \Omega)_{\max}=\frac{1}{2}\omega_{0}k_{0}^{2}a_{0}^{2}$ (5)
, Benjamin-Feir (BF ) , 3 ,
.
-2 , 1 $ka=0.1$ 3
. , 1/100
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( $a$) $t/T=0$ ($b$ ) $t/T=200$
( $c$ ) $t/T=400$
2: $ka=0.1$
3 , Nonlinear Schr\"odinger
(NLS ) (Zakharov, 1968; Hashimoto and Ono, 1972).
$i( \frac{\partial A}{\partial t}+v_{g}\frac{\partial A}{\partial x})+\frac{1}{2}\frac{dv_{g}}{dk}\frac{\partial^{2}A}{\partial x^{2}}-\frac{\omega_{0}k_{0}^{2}}{2}|A|^{2}AA=0$ (6)
$\eta(x, t)=\frac{1}{2}\{Ae^{i(k_{0}x-\omega 0)t}+A_{2}e^{2i(k_{0}x-\omega 0)t}+c.c.\}$ (7)
$A$ ( ), $\eta$ , $k_{0}$ $\omega_{0}$ ,






$=$ $\iiint d\vec{k}_{1}d\vec{k}_{2}d\vec{k}_{3}T_{1234}^{2}\delta(\vec{k}_{1}+\vec{k}_{2}-\vec{k}_{3}-\vec{k}_{4})$ (8)
$\cross\exp\{i[\omega(\vec{k})+\omega(k_{1}^{arrow})-\omega(k_{2}^{arrow})-\omega(k_{3}^{arrow})]t\}b_{1}^{*}b_{2}b_{3}$ (9)
$\eta(\tilde{x}, t)$ $=$ $\frac{1}{2\pi}\int d\vec{k}\sqrt{\frac{k}{2g}}\{b(\tilde{k}, t)e^{i(\vec{k}\cdot\tilde{x}-\{\nu t)}+b^{*}(\tilde{k}, t)e^{-i(\vec{k}\cdot\tilde{x}-\omega t)}\}$ (10)
, $b_{i}=b(\vec{k}_{i})$ , $k=|k|,$ $T_{0123}=T(\tilde{k}_{0},\vec{k}_{1},\tilde{k}_{2},\vec{k}_{3})$
4 . NLS , Zakharov ,
, $\epsilon\geq 0.15$ .
-2 , , FPU
, ( )
, Crawford et al. (1982) Zakharov
, BF $t\propto O(\epsilon^{2}\omega_{0})^{-1}$ , $t\propto O(\epsilon^{4}\omega_{0})^{-1}$
24
(Hasselman ) . Hasselman
, $N(\vec{k})$
.
$\langle b_{1}b_{2}^{*}\rangle=\frac{\omega}{2g}N_{1}\delta(\vec{k}_{1}-\vec{k}_{2})$ , $\langle b_{1}b_{2}\rangle=0$ , (11)
( Janssen, 2004), , 4
$<b_{i}b_{j}b_{k}bi>$ Gaussian, $0$ .
$D_{i,j,k,l}=2T_{i,j,k.l}\delta_{i+j-k-l}G(\Delta\omega, t)[N_{i}N_{j}(N_{k}+N_{t})-N_{k}N[(N_{i}+N_{j})]$ (12)
, $\Delta\omega=\omega_{i}+\omega-\omega-\omega_{1},$ $G$ ,
.
$G(\Delta\omega, t)$ $=$ $i \int e^{i\Delta\omega(\tau-t)}d\tau=R_{r}(\Delta\omega, t)+iR_{i}(\Delta\omega, t)$ (13)
$R_{r}(\Delta\omega, t)$ $=$ $\frac{1-\cos(\Delta\omega t)}{\Delta\omega}$ (14)
$R_{i}(\Delta\omega, t)$ $=$ $\frac{\sin(\Delta t)}{\Delta\omega t}$ (15)




, , (10), (11)
(13) , $N$ Boltzman .
$\frac{\partial N_{4}}{\partial t}$ $=$ $\iiint d\vec{k}_{1}d\vec{k}_{2}d\vec{k}_{3}|T_{1234}|^{2}\delta(\vec{k}_{1}+\vec{k}_{2}-\vec{k}_{3}-\tilde{k}_{4})\{N_{1}N_{2}(N_{3}+N_{4})-N_{3}N_{4}(N_{1}+N_{1})\}$ (17)
$=$ $S_{nl}$ (18)
, ( ) , $S_{nl}$
, $S_{in}$ , $S_{dis}$
, .
$\frac{\partial N(\vec{k}_{l}t)}{\partial t}=S_{0n}+S_{nl}+S_{di\epsilon}$ (19)
. 80 , ,
, ( Tanaka, 1990)
.
22
Freak wave , 2
. , , Freak wave
25
.( , ), Gauss
, Rayleigh (Rice, 1945).
$p(H)= \frac{1}{4}He^{-\perp {}_{8}H^{2}}$ (20)
, $H$ rms , ,
. ,
, . . 1 $N$ ,
,
$p_{m}(H_{\max})dH_{\max}= \frac{N}{4}H_{\max}^{H^{2}}e^{-\#^{ra}}\exp(-Ne^{-\frac{H^{2}}{8}})dH_{\max}$ (21)
(??, God). (21) , $H_{\max}\geq 2H_{1/3}=8\eta_{rms}$ ,
Freak wave $P_{freak}$ .
$P_{freak}=1-\exp(-e^{-8}N)$ (22)
, , Freak wave , (21) Rayleigh
, 1 $N$ . 10 20
, 1 120 , Freak wave 3.9%
. , $H_{\max}\geq 2H_{1/3}$ , Freak wave ,
$H_{m}$ $x\geq 2H_{1/3}$ . . Freak wave
, (21) (22) .
. , ,
. -3 , (Mori, 2004). $\bullet$
, (20) . , Rayleigh ,
Rayleigh ( (20) $\exp$
$H^{2.1}$ $)$ . , Rayleigh ,
. , Freak wave , (22)
.
2.3 Freak wave
2 , Freak wave .
1. , Benjamin-Feir ,
.
2. Freak wave .
26
3: (Mori, 2004)
3. Freak waven .




Boltzman , (13) $(tarrow\infty)$
, $G$ ( $R_{i}$ ). , Freak wave ,
Gauss . 3 skewness
, , . , skewness ,
,
4 $\mu_{4}$ , $G$ $R_{r}$
. , , 4
(Janssen, 2003).
$\kappa_{40}$ $=$ $\frac{12}{g^{2}m_{0}^{2}}\int d\vec{k}_{1,2,3,4}T_{1,2,3,4}\sqrt{\omega_{1}\omega_{2}\omega_{3}\omega_{4}}\delta_{1+2-3-4}R_{r}(\Delta\omega, t)N_{1}N_{2}N_{3}$ (23)
$\kappa_{40}$ $\eta$rm 4 $(\kappa_{40}=\mu_{4}-3),$ $R_{r}=(1-\cos(\Delta\omega t))/\Delta\omega$
$tarrow\infty$ $R_{r}arrow \mathcal{P}/\Delta\omega$ $(\mathcal{P}$ (23)
). , kurtosis , . ,
$N(k)$ , $T_{1,2,3.4}$ 4 kurtosis




$F(\vec{k})$ $E(\omega, \theta)$ , , $\omega=\omega_{0}$







$\Delta=\sigma_{\omega}/\omega_{0}$ . (24) $\nu$ $\Delta$ .
$\kappa_{40}=\frac{24\epsilon^{2}}{\Delta^{2}}\mathcal{P}\int\frac{d\nu_{1}d\nu_{2}d\nu_{3}e^{-\}[\nu_{1}^{2}+\nu_{2}^{2}+\nu_{3}^{2}]}}{(2\pi)^{3/2}(\nu_{1}+\nu_{2}-\nu_{3})^{2}-\nu_{1}^{2}-\nu_{2}^{2}+\nu_{3}^{2}}$ (26)
$\epsilon=k_{0}\sqrt{m_{0}}$ . (26) ,
, $\kappa_{40}$ $\epsilon$ $\Delta$ . , 4 ,
, . Alber and Saffman (1978)
, $(\epsilon)$ $(\Delta)$ . ,
Janssen (2003) Benjamin Feir Index$(BFI)$ (26) .
$\kappa_{40}$ $=$ $\frac{\pi}{\sqrt{3}}BFI^{2}$ (27)
$BFI$ $=$ $\frac{\epsilon}{\Delta}\sqrt{2}$ (28)
$BFI>1$ . , $BFI=O(1)$
, 4 , (Mori et al.,
2007). (27) , $Q_{p}$ .
$\kappa_{40}$ $=$ $\frac{2\pi^{2}}{\sqrt{3}}k_{p}^{2}m_{0}Q_{p}^{2}\propto\frac{H_{1/3}^{2}Q_{p}^{2}}{T_{1/3}^{4}}$ (29)
, 3/2 $\kappa_{40}\propto Q_{p}^{2}/H_{*}^{\S}$ . ,
$\kappa_{40}$ , $u_{*}$ $H_{*}$ ,
.
, kurtosis Gauss , Freak wave .
, (2) 1 ,
$\eta(t)$ $\zeta(t)$ . $\sigma$ .
$Z(t)$ $=$ $\eta(t)+i\zeta(t)=A(t)e^{i\phi(t)}$ (30)
28
$A$ $\phi$ . (PDF)




$H_{n}$ $n$ Hermite , , rms
. $\eta$ $\zeta$ $A$ $\phi$ , $\phi$ $[0,2\pi]$ , $A$
PDF . $\kappa_{30}\simeq 0$ 3 , $H$ $A$ 2 ,
PDF .
$p(H)$ $=$ $\frac{1}{4}He^{-\int H^{2}}[1+\kappa_{40}A_{H}(H)]$ (32)




(34) , , $N$ 4 $\kappa_{40}$ ( kurtosis)
. , Freak wave 1 Hma 2 ,
$H_{\max}/\eta_{rm\epsilon}\geq 8$ $\kappa_{40}$ Freak wave $P_{freak}$ .
$P_{freak}=1-\exp[-\alpha N(1+8\kappa_{40})]$ (36)
$\alpha=e^{-8}$ . $\kappa_{40}=0$ , , (32), (34), (35), (36)
Rayleigh . (36) , Freak wave
, , $\kappa_{40}=1/8(\mu_{4}=3.125)$ ,
. $\mu_{4}=3.125$ , Freak wave 1








4: BFI ( ) $\sigma_{k_{y}}$ ( ) $\kappa_{40}$
(MC-CNLS) . MC-CNLS , $\sigma_{k_{x}}$ ( ) $\sigma_{k_{y}}$
( ) 2 Gauss . $\sigma_{k_{x}}$ , $\sigma_{k_{y}}$
. , $\sigma_{k_{z}}$ $\sigma_{k_{y}}$ 20 ,
$BFI(\propto\sigma_{\sigma_{k_{r}}})$ $\sigma\sigma$k 500 , 12,000 100
.
-4 , . $\kappa_{40}$ ,
kurtosis ( ), kurtosis
( ) .
4
, ( 270 $m\cross$ 10.6 $m\cross$ 10 m) ,
( , ). ,
10,000 , $40Hz$ 20 ( Mori et al.,
2007 ). , 30 $m$ ( .




11,900 , $\mu_{4}$ Freak wave .
30
5: Freak wave $\mu_{4}$ : $N=11,900$ $(\circ$ : , : (36), :
Rayleigh )
, (36) $\mu_{4}$ ( , ) Rayleigh
( , ) . $\mu_{4}=3$





, Freak wave ,
. , Freak wave ,
. , . -6 ,
$N$ 150 $H_{\max}$ , , ( (35))
. $(\mu_{4}=3)$ -6(a) , ,
. , $\mu_{4}$ ( -6(b)),
, ,
.




(a) $\mu_{4}=3.1$ (b) $\mu_{4}=4.1$
6: $\mu_{4}$ : $N=150$ ( $\bullet$ : , :
, : (35) , :Rayleigh )
5
, Freak wave ,
, 90 , . ,
Freak wave , Freak wave
$H_{\max}$ 4 kurtosis ,
. , 2 ,
$H_{\max}$ . , kurtosis
, , Freak wave $H_{\max}$
.
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